Limits on weakly interacting massive particle dark matter obtainable from a Superheated Droplet Detector loaded with CF 3 I as active material are estimated on the basis of the radiopurity levels already achieved by the SIMPLE experiment. With 15 kgd exposure, such an experiment may already probe to 10 −6 pb in the spinindependent cross section; for the case of spin-dependent WIMPs, the region of the phase space allowed by the intersection of DAMA/NaI and CDMS at 50 GeV/c 2 could be excluded with only a 10 kgd exposure. Direct searches for weakly interacting massive particle (WIMP) dark matter are traditionally classified as to whether for spin-independent or spindependent WIMP candidates. While the former are generally constructed on the basis of heavy nuclei, searches in the latter require consideration of the spin structure of the detector nuclei.
Direct searches for weakly interacting massive particle (WIMP) dark matter are traditionally classified as to whether for spin-independent or spindependent WIMP candidates. While the former are generally constructed on the basis of heavy nuclei, searches in the latter require consideration of the spin structure of the detector nuclei.
The current status of direct search efforts is currently defined by a number of spin-independent projects, including DAMA/NaI [1] , CDMS [2] , ZEPLIN [3] , EDELWEISS [4] and KIMS [5] . All are "heavy" in the sense of target isotopes of iodine, germanium and xenon; projected upgrades and new efforts, involving detector masses of up to 10 ton, are designed for deeply probing the spinindependent phase space beginning well below the controversial DAMA/NaI results and extending to cross sections as small as 10 −10 pb in the WIMPnucleon interaction. These efforts can be generally grouped as to whether scintillator or bolometer, with the latter generally requiring significantly less exposures in order to achieve restrictions equivalent to the former.
Because of the spins of some of their target nuclei, several of these devices also provide significant constraints in the spin-dependent phase space. In fact, the sector is largely constrained by the results of DAMA/NaI-NAIAD and CDMS-ZEPLIN [6] . Among the other experiments in this sector are two search experiments using superheated droplet detectors (SDDs), SIMPLE (C 2 ClF 5 -loaded) [7, 8, 9] and PICASSO (C 4 F 10 -loaded) [10] , which have recently demonstrated an ability to achieve competitive results in the spin-dependent sector with significantly reduced measurement exposures. This is partially because of their high fluorine content, but also the result of their intrinsic insensitivity to the majority of common backgrounds which complicate such experiments. The impact is clear if one considers that the current results were obtained with 42 g and 19.4 g detectors, respectively, v-a-v the recent Kamioka CaF 2 [11] which reports essentially equivalent results with a 14 kgd exposure of a 300 g device.
The question naturally arises as to whether the insensitivity of the SDDs can be exploited in spin-independent measurements. As the cross section scales with the squares of both the mass number and the WIMP-nucleus reduced mass, exploring the spin-independent channel of WIMP interactions requires nuclei with a significantly higher mass number. Although several readily available refrigerants exist (eg. CF 3 Br, CF 3 I, ...), the most obvious difficulty with such a "heavy" SDD lies in its fabrication, since current devices rely on density matching of the gel (ρ ∼ 1.3g/cm
3 ) with the refrigerant in order to produce a homogeneous suspension of droplets. The common practise of adding heavy salts such as CsCl is prohibited by its introduction of radioactive contaminations. For this reason, attention has focused on the development of a gel-free bubble chamber approach [12] . While avoiding the problems of densitymatching, this technique requires a significant extension of the metastability lifetime of the refrigerant, which is severely degraded by surface nucleations on the container walls. Recently, the Chicago group has succeeded in achieving lifetimes of up to several hours [12] .
Recently we have succeeded to produce an SDD with CF 3 I in 1-3 times the concentration of the SIMPLE devices, using the same gel ingredients in different proportions and with the addition of agarose to modify the viscosity and shift upwards the sol-gel transition temperature [13] . Unlike heavy salts, agarose is a neutral polysaccharide whose main radioimpurities are 14 C and 3 H. Both emit βs below 200 keV, to which our SDDs are insensitive. Although the new device still requires optimization and is not yet deployed, it is of some interest to examine the possible constraints to be derived from its implementation.
We assume the background to be at the level that the SIMPLE dark matter search expects to reach after completely solving the pressure microleak problems [14] that presently limit its performance. This level is ∼ 1 evt/kgd above an 8 keV recoil threshold, so the expected number of background events of a 15 kgd experiment is 15. Assuming 15 events are observed, the highest total expected event number compatible at 90% C.L. with the "observation" is 21.3, implying an upper limit to the total rate of 1.42 evts/kgd. Subtracting the background rate, the upper limit to the WIMP rate expected from the measurement is 0.42 evts/kgd.
If the experiment uses discrimination techniques able to identify each of the 15 "observed" events as background, then it can be stated that no WIMP is observed, and the 90% C.L. upper limit to the WIMP rate is simply ln 10 15 =0.153 evts/kgd, obtained by setting to 10% the probability of observing no WIMP.
Based on the above estimates of the upper limit on the WIMP rate, and following the procedures of Ref. [15] , the projected spin-independent limits of Fig. 1 are obtained, and are displayed with those of some leading experiments [2, 3, 4, 16, 17] . These projections assume a standard spherical isothermal halo with a local density of 0.3 GeV/c 2 , a halo velocity of 230 km/s, average Earth velocity of 244 km/s, and a galactic escape velocity of 600 km/s. A Helm form factor (F (qr n ) = 3 j l (qrn) qrn e (−qs) 2 /2 ) with nuclear radius r n = c 2 + The bubble nucleation efficiency of an ion of mass number A recoiling with energy E is given by the superheat factor S A (E) = 1 −
, where E A thr is the threshold recoil energy, set to 8 keV for all the recoiling ions (C, F and I) as in the case of the most recent SIMPLE measurement [14] . In fact, whenever all the recoiling ions stop within a pressure-and temperature-dependent critical distance, E A thr and S A (E) do not depend on A [19] . E A thr (Fig. 2) was calculated as a function of the operating temperature and pressure by using the scheme already employed by SIMPLE for R12-and R115-loaded SDDs [7, 8, 19] , with thermodynamic parameters taken from Ref. [20] and recoiling ion stopping powers precalculated with SRIM 2003 [21] . As evident, the calculations foresee the same E thr and S A for F,C, I at temperatures above ∼ 29 o C (2 atm). As seen in Fig. 1 , with an exposure of 15 kgd, easily achievable by operating for 50 days a detector with only 300 g active mass, an experiment based on CF 3 I-loaded SDDs would exclude a significant part of the 3σ C.L. DAMA region even without background discrimination, which makes the dashed projection already comparable with the currently most restrictive limits. This competitivity is the result of the ability to make the detector insensitive to low LET radiations, while preserving its WIMP sensitivity. This is possible because the SDDs are dual threshold devices: energy and stopping power. A particle above the energy threshold but below the stopping power threshold cannot directly produce a bubble nucleation, and can only be detected indirectly, with lower efficiency, through a secondary recoiling ion. Since inelastic scattering will in general involve the absorption of part of the available energy by either the recoiling nucleus or the scattered particle, this extends to all types of scattering. The energy E needed by an incident particle of mass m in order to produce a non-relativistic recoiling ion of kinetic energy E R and mass number A is at least that corresponding to the recoiling nucleus linear momentum √ 2AE R :
Applying Eq. (1) to 12 C, the lightest isotope in CF 3 I, it is clear that no radiation below 10.6 MeV can produce via elastic scattering non-relativistic recoiling ions of energy higher than 5 keV. For the chosen threshold of 8 keV, this value becomes 13.4 MeV. Therefore, under pressure and temperature operating conditions such that E thr is 8 keV, low stopping power radiations below 13 MeV can produce a bubble nucleation neither directly nor through a recoiling ion. Fig. 1 is obtained in the approximations of isospin-independence and Z ≈ N. In fact, for heavy nuclei, the latter breaks down. Following Ref. [22] , the cross section σ A for the scattering of a spin-independent WIMP on a nucleus of mass number A is given by [15] 
where G F is the Fermi constant, µ A the WIMP-nucleus reduced mass and g p,n the WIMP-proton and WIMP-neutron spin-independent coupling strengths (i.e. the coupling coefficient in units of √ 2G F ). For not too heavy nuclei Z ≈ N, a limit on the nucleon spin-independent cross section σ SI N can be obtained [15] by
where the auxiliary cross sections σ
A A 2 have been introduced. Neglecting the Z ≈ N approximation, the spin-independent limits become
where
are auxiliary cross sections [15] . Fig. 3 shows the resulting spin-independent exclusion projection at M w = 50 GeV/c 2 and an exposure of 15 kgd, together with the current results of some leading searches. As evident from Eq. (4), the exclusion plots for a WIMP of given mass are generally ellipses, whose parameters depend on M w as indicated by Eq. (5). Even at this exposure level, a CF 3 I SDD experiment can already contribute to the overall exclusion. Fig. 3 . Exclusion plots in the g p − g n plane at 50 GeV/c 2 . The projection for a CF 3 I SDD exposed for 15 kgd can already contribute to the overall picture (the overall allowed region is shaded).
Although intended for the spin-independent search effort, the CF 3 I device like NaI remains sensitive in the spin-dependent sector, essentially through 19 F and 127 I. The details of the isotopic composition are given in Table 1 . For completeness, 13 C was considered in the composition, and its spins were evaluated in the odd group approximation, which for odd N nuclei reduces to
where γ n is the neutron gyromagnetic ratio, and the values for the calculation of the neutron group spin < S n > were obtained from Ref. [23] .
Since 127 I recoils can have high linear momentum, the zero momentum transfer limit does not apply to this isotope, and the non-zero momentum transfer method of Refs. [28, 27, 29 ] must be applied in order to evaluate cross section limits from rate limits. Following a common choice, the results of Ref. [27] for a Bonn A potential have been used.
The spin-dependent exclusions for M w = 50 GeV/c 2 are shown in Fig. 4 . As evident, with only 10 kgd the projected experiment would not only supersede the 16389 kgd NAIAD [30] , but virtually eliminate the currently allowed area of the phase space defined by the intersection of DAMA/NaI and CDMS/Ge -ZEPLIN/Xe at this M W .
The two projections for CF 3 I differ in the choice of the 19 F shell model: the dotted ellipse uses spin matrix elements (and structure functions) taken from Ref. [26] , while the dot-dash ellipse employs the form factors of Ref. [15] , which is independent of a p,n , to get a zero-momentum transfer limit σ A F and then converts it into σ lim(F ) p,n . Here, the difference in orientation of the two projected ellipses is explained by the significantly lower < S n > estimate of Ref. [26] with respect with the result of Ref. [24] . This leads to evaluate a smaller 19 F neutron sensitivity, which tends to stretch the ellipse in the a n direction, and to become more horizontal. Incidentally, this shows that the spin-dependent response is fluorine-dominated, as expected from the 3× larger amount of fluorine with respect to iodine.
Concluding, a WIMP search based on CF 3 I-loaded SDDs would contribute stringent limits with relatively small exposure. In the case of our recentlyproduced SDD, with 10 g of refrigerant per 150 ml of gel, this implies a measurement with active mass of 0.3 kg over 50 days. In the case of the bubble chamber activity, the 2 kg active mass could produce significant constraints with active measurement times of less than two weeks. In either case, this capability results from the inherent insensitivity of this kind of detector to low LET radiations, plus the use of materials with low radioimpurity content. In the spin-dependent sector, a CF 3 I experiment could supersede NAIAD in determining the most restrictive model-independent exclusion results by intersection with CDMS-II/ZEPLIN-I. 
